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[57] ABSTRACT 

In a digital optical transmission system, such as a passive 
optical distribution network, analog electric signals, e.g., 
video signals, are to be optically transmitted in such a Way 
that they can be recovered in a receiver (BONT) in a simple 
manner. To accomplish this, the transmitter of the transmis 
sion system includes a delta-sigma modulator (MOD) and an 
electrical-to-optical transducer The delta-sigma 
modulator (MOD) digitiZes the analog electric signals using 
the delta-sigma modulation method. The electrical-to 
optical transducer (EO) then converts the digitized signals to 
optical signals, Which are transmitted over optical ?bers to 
a plurality of receivers (BONT). To recover the analog 
electric signals, each receiver (BONT) requires only one 
optical-to-electrical transducer (OE) and one passive electric 
?lter (FIL). The ?lter (FIL) is a passive loW-pass ?lter in one 
case and a passive bandpass ?lter in another. Appropriate 
selection of the sampling frequency for the delta-sigma 
modulation and utilization of image frequencies for trans 
mission eliminate the need for frequency translators in the 
receivers (BONT). 

8 Claims, 2 Drawing Sheets 
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TRANSMITTER FOR OPTICALLY 
TRANSMITTING ANALOG ELECTRIC 

SIGNALS, AND DIGITAL TRANSMISSION 
SYSTEM 

BACKGROUND OF THE INVENTION 

1. Technical Field 
This invention relates to a transmitter for optically trans 

mitting analog electric signals and to a digital transmission 
system. 

2. Discussion of Related Art 

The analog electric signals are, for example, television 
signals or video signals. An optical transmission system for 
the optical digital transmission of television signals is 
knoWn from an article entitled “DIAMANT”—Ein digitales 
optisches FernsehverteilnetZ”, telecom praxis 2/1993, pages 
38 to 45. The television signals are converted from analog to 
digital form, generally by pulse code modulation, electri 
cally multiplexed, and converted from electrical to optical 
form; an optical pulse commonly corresponds to an electric 
pulse, and thus to one bit. The optical digital television 
signals are transmitted through a passive optical transmis 
sion netWork consisting of optical ?bers and optical splitters 
to a plurality of receivers. Each receiver contains an optical 
to-electrical transducer and a digital-to-analog converter for 
recovering the analog electric signals. The number of mul 
tiplexed television signals is limited by the resolution and 
speed of the available digital-to-analog converters. Each 
digital-to-analog converter is an active device Which needs 
to be controlled and synchroniZed. 
In each receiver, the digital-to-analog conversion must be 
folloWed by a frequency translation in order to transfer the 
television signals from the intermediate-frequency band to 
the UHF band. 

DISCLOSURE OF THE INVENTION 

It is therefore an object of the invention to optically and 
digitally transmit analog electric signals in such a Way that 
they can be recovered at the receiving end With a smaller 
amount of technical complexity. 

According to a ?rst aspect of the present invention, a 
transmitter for optically transmitting analog or quasi-analog 
electric signals over optical ?bers, comprises a delta-sigma 
modulator for digitiZing the analog or quasi-analog electric 
signals by the delta-sigma modulation method, and an 
electrical-to-optical transducer for converting the digitiZed 
signals to optical signals. 

In further accord With the ?rst aspect of the present 
invention, the transmitter is further characteriZed in that the 
analog electric signals are video signals, and that the trans 
mitter serves to feed the optical signals into a passive optical 
distribution netWork. 

According further to the ?rst aspect of present invention, 
the delta-sigma modulator comprises a series combination of 
an integrator, an electric ampli?er, and a clocked bistable 
device, Wherein an output of the bistable device is fed back 
to the input of the integrator. The integrator may be a passive 
loW-pass ?lter comprising resistors and capacitors, the 
bistable device may be a D ?ip-?op, and the inverting output 
of the D ?ip-?op may be connected to the input of the 
integrator. 

According still further to the ?rst aspect of the invention, 
the analog electric signals are quadrature-amplitude 
modulated in a QAM modulator before being digitiZed. 

According to a second aspect of the present invention, a 
digital optical transmission system comprises at least one 
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2 
transmitter according to the ?rst aspect of the present 
invention, a passive optical transmission netWork, and tWo 
or more receivers, Wherein each receiver comprises an 
optical-to-electrical transducer and a passive electric ?lter 
for recovering the analog or quasi-analog electric signals 
from the received optical signal. 

In further accord With the second aspect of the invention, 
the at least one transmitter is a transmitter according to the 
?rst aspect of the present invention and, in the receivers, 
each passive ?lter is preceded by a clocked bistable device 
Which is driven at the same clock frequency as the bistable 
device in the transmitter. The clock frequencies of the 
bistable devices are chosen so that the image frequencies of 
the output signals of the bistable devices in the receivers lie 
in a predetermined frequency range, Wherein the ?lter 
attenuates signals Whose frequencies lie beloW a predeter 
mined frequency range, and Wherein an ampli?er ampli?es 
signals passed by the ?lter to a predetermined value. 

In still further accord With the second aspect of the present 
invention, each passive ?lter is a passive loW-pass ?lter 
or a passive band pass ?lter. 

A particular advantage of the invention is that only 
passive components are necessary for the digital-to-analog 
conversion in the receivers. As a result, the receivers are 
loWer in cost, less susceptible to trouble, simpler in circuit 
design, and suitable for high frequencies. 

Another advantage of the invention is that if a suitable 
sampling frequency is chosen for the delta-sigma 
modulation, no further frequency translation is necessary in 
the receivers. This provides an additional cost saving in the 
receivers, both during manufacture and during operation. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention Will become more apparent from the fol 
loWing description of an embodiment taken in conjunction 
With the accompanying draWings, in Which: 

FIG. 1 is a schematic representation of a transmission 
system according to the invention; 

FIG. 2 is a block diagram of a transmitter according to the 
invention for the transmission system of FIG. 1; and 

FIG. 3 is a schematic diagram of a receiver according to 
the invention for the transmission system of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The embodiment Will ?rst be explained With the aid of 
FIG. 1. FIG. 1 shoWs a transmission system according to the 
invention. The transmission system SYS includes a head end 
TV for the analog transmission of analog television signals 
over coaxial cables and a server VOD for the digital trans 
mission of analog electric signals, particularly video signals, 
over optical ?bers. The video signals are, for example, 
feature ?lms, educational programs, tourist promotion ?lms, 
or the like, Which are selected by subscribers in an interac 
tive mode. The selection of the video signals is made via a 
reverse channel (not shoWn), Which is implemented via a 
telephone netWork, for example. 
The analog television signals from the head end TV are 

transmitted over a distribution netWork NET consisting of 
coaxial cables and ampli?ers to a plurality of terminal 
repeaters, of Which only one is shoWn. From each terminal 
repeater AMP, several terminals are supplied via a coaxial 
cable. 

In the server VOD the analog electric signals are 
digitiZed, then converted from electrical to optical form, and 
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subsequently transmitted over a passive optical transmission 
network PONT consisting of optical ?bers and optical 
splitters, preferably a distribution netWork With a tree 
structure, to several receivers, of Which only one is shoWn. 
The receiver BONT is a broadband optical netWork 
termination, for example. It serves to recover the analog 
electric signals from the received optical signals. The 
receiver BONT is connected by a coaxial cable to the input 
of the terminal repeater AMP, so that the analog electric 
signals are transmitted together With the television signals to 
the terminals over the coaxial cable connected to the output 
of the terminal repeater AMP. 

The analog electric signals are digitiZed in the server 
VOD by delta-sigma modulation, so that in each receiver 
BONT only one optical-to-electrical transducer and one 
passive loW-pass ?lter or, if a suitable sampling frequency is 
chosen for the digitiZation, only one optical-to-electrical 
transducer and one passive bandpass ?lter are necessary to 
recover the analog electric signals. 

The embodiment Will noW be further explained With the 
aid of FIG. 2. FIG. 2 shoWs a transmitter according to the 
invention for the server of the transmission system of FIG. 
1. The transmitter SEN serves to optically and digitally 
transmit analog electric signals over optical ?bers, e.g., glass 
?bers. It contains a delta-sigma modulator MOD for digi 
tiZing the analog electric signals by the delta-sigma modu 
lation method and an electrical-to-optical transducer EO for 
converting the digitiZed signals to optical signals. The 
delta-sigma modulator MOD and the electrical-to-optical 
transducer B0 are connected in series. 

The electrical-to-optical transducer E0 is, for example, a 
directly modulated laser diode or a laser With an external 
electrooptic modulator Which is driven With the digitiZed 
analog electric signals. 

The delta-sigma modulator MOD can, for example, con 
tain a series combination of an integrator I, an electric 
ampli?er AMP1 used as a comparator, and a clocked bistable 
device FF used as a 1-bit encoder. Such an integrator I is 
preferably implemented With a passive loW-pass ?lter con 
sisting of resistors and capacitors. The loW-pass ?lter is, for 
example, a second-order loW-pass ?lter consisting of a 
ladder netWork With tWo resistors R1, R2 in the series arms 
and a capacitor C1 in the ?rst shunt arm and With a series 
combination of a resistor R3 and a capacitor C2 in the 
second shunt arm. The analog electric signals are 
accumulated, together With fed-back digital signals, in the 
integrator I, compared With a reference value in the 
comparator-connected ampli?er AMP1, and then digitiZed 
in the bistable device FF. 

The bistable device FF may be a D ?ip-?op. The D 
?ip-?op has a signal input, a clock input, and tWo outputs, 
a noninverting one and an inverting one. The inverting 
output of the D ?ip-?op is connected to the input of the 
integrator I in order to perform the delta-sigma modulation 
function via this feedback. Particularly at high bit rates, e.g., 
bit rates greater than 300 MHZ, propagation delays in the 
feedback loop adversely affect the modulator properties. The 
processing of one bit must be completed Within one bit 
period, so the propagation delays in the feedback loop may 
be only a fraction of one bit period. It is therefore advan 
tageous to use a monolithic integrated implementation for 
the comparator and the D ?ip-?op. The D ?ip-?op is driven 
by the clock signal from a free-running oscillator CLK. The 
clock frequency of the oscillator CLK is adjustable and 
represents the sampling frequency of the delta-sigma modu 
lation. 
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4 
The properties of the delta-sigma modulator MOD are 

dependent on the value of the sampling frequency. The 
quantiZation signal-to-noise ratio, an important property of 
the delta-sigma modulator MOD, can be adapted via the 
sampling frequency. The sampling frequency for the delta 
sigma modulator MOD is determined by the frequency and 
the required quality of the analog signals to be transmitted. 
The clock frequency is Well above the Nyquist frequency of 
the analog electric input signals in order to provide the 
necessary tansmission quality for the delta-sigma modula 
tion. The delta-sigma modulator is preceded by a QAM 
modulator QAM, Which modulates the video signals by the 
quadrature amplitude modulation method. With 64 QAM 
modulation, for example, quasi-analog output signals With a 
bandWidth of 8 MHZ are generated, Which require a signal 
to-noise ratio of 25 dB for transmission. Within the band 
Width of 8 MHZ, up to 38 Mb/s video signals can thus be 
transmitted. A comparable transmission of an analog tele 
vision signal Would require a signal-to-noise ratio of at least 
45 dB. The use of QAM modulation reduces the require 
ments placed on the delta-sigma modulator in terms of 
signal-to-noise ratio. 

Accordingly, the sampling rate can be reduced, Which 
results in a loWer transmission rate on the digital optical link. 
For example, four QAM signals each having a bandWidth of 
8 MHZ Which are arranged in the frequency range of 8 MHZ 
to 40 MHZ can be converted from analog to digital form by 
the delta-sigma modulator at a clock frequency of 400 MHZ, 
Which is suf?cient for this signal frequency and transmission 
quality. 

In the folloWing, tWo type of transmission of the digitiZed 
analog signals and their recovery are described. 
1) The quantiZation signal-to-noise ratio of the delta-sigma 
modulator MOD can also be in?uenced via the property of 
the integrator I. The sampling function of the delta-sigma 
modulator causes quantiZation noise components Which are 
scattered over a Wide frequency range. With the implemen 
tation of the integrator I, e.g., ?rst-order or second-order 
loW-pass ?lters, these quantiZation noise components are 
shifted out of the frequency range of the Wanted signal 
toWard higher frequency ranges. Such an integrator I is 
therefore also referred to as a noise-forming ?lter. The 
digital output signals of the delta-sigma modulator MOD 
contain both the spectral frequency components of the 
Wanted analog signal and the unWanted quantiZation noise 
components. After the electrical-to-optical conversion, the 
digital optical signals are transmitted over a glass ?ber cable 
and, if necessary, optical splitters to a plurality of receivers. 
In the receiver BONT the digital optical received signal is 
converted from optical to electrical form. The Wanted analog 
electric signal is recovered from the noW digital electric 
signal by means of a ?lter FIL, e.g., a loW-pass ?lter, Which 
?lters out the Wanted signals and discriminates strongly 
against the unWanted spectral quantiZation noise compo 
nents above the Wanted signal frequency range. An addi 
tional post?lter for suppressing unWanted image-frequency 
components can be dispensed With, since, as a result of the 
high oversampling, these components lie far above the 
Wanted frequency range, so that they are suf?ciently attenu 
ated already in the loW-pass ?lter. Thus, the entire digital 
to-analog converter function is implemented in the loW-pass 
?lter, Which is preferably constructed from passive compo 
nents and has loW poWer consumption. In the receiver 
BONT, the recovered analog signals must be transferred to 
the predetermined UHF band by an IF/U HF translator, since 
their transmission on the coaxial cable connected to the 
output of the terminal ampli?er AMP takes place in the UHF 
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band of, e.g., 400 MHZ to 450 MHZ. The analog television 
signals from the head end are transmitted in the 50—400 
MHZ band, for example. With a combiner, the recovered 
analog video signals are nonoverlappingly combined With 
the analog television signals using frequency-division mul 
tiplexing. The combiner output signal is ampli?ed With the 
terminal ampli?er and transmitted over coaxial cables to the 
terminals. 
2) If a suitable sampling frequency is chosen for the delta 
sigma modulator MOD, image frequencies are produced in 
the spectrum of the digital signal, Which fall into the 
frequency range of, e.g., 400 MHZ to 450 MHZ. This 
frequency range is intended for the transmission of the 
analog video signals recovered in the receiver BONT over 
the coaxial cable connected to the output of the receiver. In 
that case, the ?lter FIL in the receiver BONT must be 
implemented as a bandpass ?lter Which passes only signals 
in the UHF range of 400 MHZ to 450 MHZ. The video 
signals recovered from the image frequencies and ?ltered by 
the bandpass ?lter have a small amplitude. They are there 
fore ampli?ed to a predetermined value in a subsequent 
ampli?er AMP2. An IF/UHF translator is no longer needed, 
since the analog signals are already present in the required 
UHF range. To recover the analog signals, each receiver 
BONT contains an optical-to-electrical transducer, the band 
pass ?lter FIL, Which passes only signals in the 400—450 
MHZ range, and the ampli?er AMP2. 

The embodiment Will noW be further explained With the 
aid of FIG. 3. FIG. 3 shoWs a receiver according to the 
invention for the transmission system of FIG. 1. The receiver 
BONT contains an optical-to-electrical transducer OE, a 
bistable device D-FF, a passive electric ?lter for recovering 
the analog electric signals, and, if required, a UHF translator 
UM. The optical-to-electrical transducer OE is 
implemented, for example, With a photodiode folloWed by 
an ampli?er, Which converts the received digital optical 
signals to digital electric signals. The clocked bistable 
device D-FF, Which is connected betWeen the optical-to 
electrical transducer OE and the passive electric ?lter FIL, 
serves to regenerate the digital electric input signals. The 
clocked bistable device D-FF is a D ?ip-?op, for example, 
Whose clock frequency is derived from the received digital 
signal in a clock recovery ciruit. The clock frequency is 
identical With the sampling frequency of the delta-sigma 
modulator MOD in the transmitter SEN. The regenerated 
digital signals are fed to the passive electric ?lter FIL, Which 
converts them back to analog electric signals. For the case 
of the transmission described under 1) above, the electric 
?lter FIL is a passive loW-pass ?lter folloWed by the IF/U HF 
translator UM. The IF/UHF translator UM shifts these 
analog electric signals from the IF band to the required UHF 
band of 400 MHZ to 450 MHZ. For the case of the trans 
mission described under 2) above, the electric ?lter FIL is a 
passive bandpass ?lter folloWed by an ampli?er AMP2. 

Prior to the digitiZation, the analog electric signals may be 
digitiZed and digitally stored in the server using the MPEG 
(Motion Picture Experts Group) method. When parts of the 
stored signals are retrieved by request signals from 
subscribers, several retrieved digitiZed signals are combined 
and then quadrature-amplitude-modulated. The resulting 
quasi-analog signals are digitiZed in the delta-sigma modu 

25 

35 

45 

55 

6 
lator MOD. Although the invention has been shoWn and 
described With respect to a best mode embodiment thereof, 
it should be understood by those skilled in the art that the 
foregoing and various other changes, omissions and addi 
tions in the form and detail thereof may be made therein 
Without departing from the spirit and scope of the invention. 
What is claimed is: 
1. Atransmitter (SEN) for optically transmitting analog or 

quasi-analog electric signals over optical ?bers, comprising: 
a delta-sigma modulator (MOD) for digitiZing the analog 

or quasi-analog electric signals by a delta-sigma modu 
lation method; and 

an electrical-to-optical transducer (EO) for converting the 
digitiZed signals to optical signals 

Wherein the delta-sigma modulator (MOD) comprises a 
series combination of an integrator (I), an electric 
ampli?er (AMP1), and a clocked bistable device (FF), 
Wherein an output of the bistable device is fed 
back to an input of the integrator, Wherein the integrator 
(I) is a passive loW-pass ?lter comprising resistors and 
capacitors, Wherein the bistable device is a D 
?ip-?op, and Wherein an inverting output of the D 
?ip-?op is connected to an input of the integrator 

2. A transmitter (SEN) as claimed in claim 1, Wherein the 
analog electric signals are video signals, and Wherein the 
transmitter (SEN) serves to feed the optical signals into a 
passive optical distribution netWork. 

3. A transmitter (SEN) as claimed in claim 1, Wherein the 
analog electric signals are quadrature-amplitude-modulated 
in a QAM modulator (QAM) before being digitiZed. 

4. Adigital optical transmission system (SYS) comprising 
at least one transmitter (SEN) as claimed in claim 1, a 
passive optical transmission netWork (PONT), and tWo or 
more receiver s (BONT), Wherein each receiver (BONT) 
comprises an optical-to-electrical transducer (OE) and a 
passive electric ?lter (FIL) for recovering the analog or 
quasi-analog electric signals from the received optical sig 
nals. 

5. Adigital optical transmission system (SYS) as claimed 
in claim 4, Wherein the receivers (BONT), each passive ?lter 
(FIL) is preceded by a clocked bistable device (D-FF) Which 
is driven at the same clock frequency as the bistable device 
(FF) in the transmitter (SEN). 

6. Adigital optical transmission system (SYS) as claimed 
in claim 5, Wherein each passive ?lter (FIL) is a passive 
loW-pass ?lter or a passive bandpass ?lter. 

7. Adigital optical transmission system (SYS) as claimed 
in claim 5, Wherein the clock frequencies of the bistable 
devices (D-FF, FF) are chosen so that the image frequencies 
of the output signals of the bistable devices (D-FF) in the 
receivers (BONT) lie in a predetermined frequency range, 
Wherein the ?lter (FIL) attenuates signals Whose frequencies 
lie beloW the predetermined frequency range, and Wherein 
an ampli?er (AMP2) ampli?es signals passed by the ?lter 
(FIL) to a predetermined value. 

8. Adigital optical transmission system (SYS) as claimed 
in claim 4, Wherein each passive ?lter (FIL) is a passive 
loW-pass ?lter or a passive bandpass ?lter. 

* * * * * 
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